abound. [2] [3] [4] [5] [6] [7] [8] 9 as are their unsaturated derivatives containing double bonds within the six-membered ring. 10 To our knowledge, however, bicyclo[3.1.1]heptanes bearing both a bridgehead-alcohol and a fused aromatic ring (e.g. 5) are a previously unreported class of compounds.
During the course of our synthetic efforts aimed at developing a practical route towards β-rhodomycinone 6 starting from daunomycin.HCl 8a, we identified an unexpected 4-membered ring closure that provided stereoselective access to anthracyclinone 7, the prototypical member of an unprecedented class of compounds bearing a bridgehead-hydroxylated bicyclo[3. Our proposed route towards β-rhodomycinone 6 involved, (i) acid-catalyzed hydrolysis of the daunosamine sugar from daunomycin.HCl 8a; 11 (ii) conversion of the aglycone (daunomycinone) 9 to its 13-benzenesulfonylhydrazone 10 followed by reduction to give the 13-deoxyanthracyclinone 11; 12 (iii) demethylation of the 4-methoxyl group of 11, 13 and finally (iv) regio-and stereoselective benzylic hydroxylation at C10 with trimethylamine-N-oxide Lack of success with Walsh and Olsen's conditions led us to explore the reduction using other combinations of hydride reagents (NaCNBH 3 , NaBH 4 , NaBH(OAc) 3 15 we noted that (i) 10 was completely consumed within 15 min and that a single new spot of higher R f than 10 was visible by TLC; (ii) the reaction mixtures prominently displayed the previously observed m/z = 365.2 peak in their -ve ion ESMS spectra. After purification by silica gel chromatography and comprehensive 2D-NMR characterization (DQF-COSY, HMQC, HMBC, and NOESY), it was clear that the product was not 11 but the novel anthracyclinone 7.
The yields of 7 under these conditions were consistently around 30% which seemed low considering the clean conversions that were observed from TLC analysis.
It was subsequently apparent that the remaining mass corresponded to highly polar (presumably polymerized) material that could only be eluted using MeOH. Attempts to optimize the yield of 7 by varying the reaction conditions met with limited success;
although it was determined that sulfolane could be omitted from the reaction without affecting the yield. The 7S,9R,13S absolute stereochemistry for 7 was unambiguously assigned based on the 7S,9S stereochemistry of its daunomycin precursor and from NOEs ( Figure 1) . 
An analogous mechanism for the formation of 7 from 10 can be postulated wherein the developing negative charge at C13 resulting from loss of N 2 in the final step does not protonate to yield 11 but instead attacks C7. Under the acidic reaction conditions, the C7-OH could protonate to create a good benzylic leaving group which loses H 2 O following attack by C13 to yield 7.
Although reasonable, this mechanism is incomplete since it cannot account for the fact that only the 7S,9R,13S stereoisomer of 7 was formed in the reaction. The 7S,9R stereochemistry would be predicted in 7 from the above mechanism based on the 7S,9S stereochemistry of the daunomycin.HCl 8a precursor. However, unless hydride reduction of the benzenesulfonylhydrazone 10 is stereospecific, with a hydride ion attacking the protonated benzenesulfonylhydrazonium ion from just one face, some of the 7S,9R,13R-epimer of 7 should also be observed.
The A-ring of daunomycinone 9 is known to prefer a conformation in which the two hydroxyl groups at C7 and C9 adopt a pseudo-diaxial orientation stabilized by an intramolecular 6-membered hydrogen bond (H-bond) ring (Scheme 2, 9). cis-10b and trans-10b). As mentioned previously, 1 H and 13 C NMR spectra for 10 were extremely complex supporting the notion that 10 probably exists (in CDCl 3 ) as an equilibrium mixture of a number of these isomers/conformers which interconvert slowly on the NMR timescale. Spontaneous elimination of PhSO 2 -from 10d followed by N 2 loss would then furnish 7S,9R,13S-7 by the mechanism described above.
In addition to providing access to the novel anthracyclinone 7, it seems plausible that reduction of benzenesulfonylhydrazones with NaCNBH 3 may represent a more generally useful method for accessing other compounds bearing the aromatic ring-fused bridgehead-hydroxylated bicyclo[3.1.1]heptanol scaffold. These studies are currently in progress and will be reported in due course.
Supplimentary Data Experimental procedures for the preparation of compounds 7
and 10 are provided along with full characterization data for 10.
